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(54) Dual ink jet print carriage for web printing 

(57) Throughput of ink jet printers can be increased 
by using multiple print heads (1 08, 1 1 0), each of which 
independently prints an image or text (114, 116, 118, 
1 20) on a continuous roll of print media (112). Independ- 



ently controlled printer carriages supporting the print 
heads simultaneously print images onto media since the 
printer carriages are separated by a distance that is sub- 
stantially equal to at least one dimension of the image 
to be printed. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a printing apparatus. 
In particular, this invention relates to a novel design for 
a high speed web ink jet printing method and apparatus 
using multiple print heads to simultaneously print imag- 
es on a roll of print media. 

BACKGROUND OF THE INVENTION 

[0002] Thermal ink jet printers are well known and 
nearly ubiquitous among consumers who purchase and 
use personal computers in their home. More recently, 
improvements in thermal ink jet printing technology and 
improvements in the paper media used by these printers 
have yielded significant gains in image quality such that 
this technology is now used to print photo-quality imag- 
es. It is anticipated that this technology will find use in 
commercial printing. 

[0003] One drawback of a thermal ink jet printer, as 
well as piezo-electric electric ink jet printers, is the 
speed at which these machines are capable of produc- 
ing images. At present, a single image is painted on the 
print media by a print head or group of printheads in a 
carriage assembly that repeatedly passes over or 
sweeps over the media, painting a line of multi-colored 
dots each time the printer carriage traverses the media 
surface. In such an operation, printing an image requires 
a significant amount of time. In an application where nu- 
merous images must be printed in a short time, such as 
in commercial printing, a single print head simply re- 
quires too much time to quickly print hundreds or even 
thousands of images a day. 

[0004] A method and apparatus by which the through- 
put of an inkjet printer could be increased, particularly 
in commercial printing would be an improvement over 
the prior art. 

SUMMARY OF THE INVENTION 

[0005] A printer comprised of a paper delivery mech- 
anism that moves paper beneath two or more ink jet 
printer carriages significantly increases the output rate 
of a thermal ink jet printer if multiple carriages are used 
to print several discrete images on a print media simul- 
taneously. One printer carriage prints a first image on a 
first area of a print media while a second printer carriage 
prints a second image in a second area on the media 
while the first printer carriage prints the first image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

Figure 1 shows a simplified diagram of a two-car- 
riage printer side view showing the relative posi- 



tions of two printer carriages printing different imag- 
es on the same side but in different areas of a print 
media that is controlled by the printer's paper deliv- 
ery mechanism. 
5 Figure 2 shows a simplified diagram of the side view 
of the printer of Figure 1 after different images have 
been printed on the media by the different print 
heads. 

Figure 3 shows an isometric view of the placement 
10 of two printer carriages in a multi-carriage printer 
whereby different images can be printed simultane- 
ously using different carriages printing onto different 
sections of a print media. 

Figure 4 shows at least one alternate embodiment 
is of a multi-carriage printer the carriages of which are 
moveable with respect to each other so as to adjust 
or vary the size of the images that are printed from 
the respective print heads. 
Figure 5 shows another alternative embodiment of 
20 a multi-carriage printer that employs a plurality of 
roller mechanisms known as an accumulator, for in- 
creasing amount of media between the two fixed 
position carriages. 

Figure 6 shows the alternative embodiment of Fig- 
25 ure 5 with the rollers or platens of Figure 5 in a po- 
sition where the media between the two fixed posi- 
tion carriages is minimized. 
Figure 7 is high level control system flowchart which 
may be employed in the present invention. 

30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0007] Figure 1 shows a simplified block diagram of 

35 an exemplary side view of a high speed web ink jet print- 
er 1 00. The printer 1 00 includes at least two printer roll- 
ers or platens 1 02 and 1 04, at least one of which is driv- 
en by an appropriate motor or drive mechanism 1 06. Al- 
ternate embodiments would include driving both platens 

40 102 and 104. The drive mechanism 106 acts to rotate 
the at least one roller or platen, which can be considered 
a mechanism for delivering print media, such that paper, 
transparency film, or other print media 112 is precisely 
positioned below at least two printer carriages 1 08 and 

45 1 1 o. In a preferred embodiment, these carriages provide 
mechanical support and orientation as well as electrical 
interconnection for ink ejecting devices, which can be 
ink containing ink cartridges with integral print heads or 
print heads with off-board ink containment. 

so [0008] Rotation of at least one of the platens or rollers 
102 and 104 moves the print media 112 relative to the 
print carriages 108 and 110 such that as the print car- 
riages 108 and 110 move in a direction perpendicular to 
the direction of print media movement across the print 

55 media (i.e. into and out of the plane of Figure 1 ), at least 
one line of an image to be printed onto the media 1 1 2 is 
formed by ink drop ejection from a printhead. (Typically, 
a flat surface platen is provided beneath a print carriage 
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containing an inkejecting print cartridge, but a roller sur- 
face parallel to the axis of rotation may also be used as 
a platen). As the paper or media 112 is repositioned un- 
der the print carriages 108 and 110 by moving laterally 
(i.e. across the plane of Figure 1) successive lines or 
portions of an image 114 or 116 are printed by succes- 
sive passes of the print carriages 1 08 and 1 1 0 over the 
media 1 1 2. As shown in Figure 1 , the print carriages 1 08 
and 1 1 0 print on the same side of the media 1 1 2 and in 
the preferred embodiment, the two print carriages are 
capable of printing separate images, simultaneously. 
However, in an alternative embodiment, printing is ac- 
complished on opposite sides of the medium. 
[0009] In printing either text, pictures or other images, 
print carriages 1 08 and 1 1 0 are capable of printing black 
as well as several color inks onto the media 112. While 
the preferred embodiment contemplates thermal ink jet 
print heads, at least one alternate embodiment would 
include other piezo electric print apparatus as well as 
other print carriages that might use dry inks or even laser 
toner inks. 

[0010] By individually controlling the print carriages 
1 08 and 110, text, pictures or other images can be print- 
ed onto different areas of the print media 112 simulta- 
neously. Being able to simultaneously and continuously 
print multiple text or image sections significantly in- 
creases printer throughput. 

[0011] In one embodiment, a single controller, i.e. 
computer, microprocessor, microcontroller ASIC, or FP- 
GA, controls multiple carriages with single or multiple 
print heads. Other embodiments would include using 
multiple, dedicated controllers, each controlling a single 
carriage, on a per-print basis. Similarly, a single motor 
might be used to move multiple carriages. While the 
print heads of the first carriage 1 08 are printing one im- 
age, the printheads of the second carriage 110 can be 
printing yet another image. Alternatively, the two car- 
riages can operate independently or they can be me- 
chanically linked such that all motion is synchronized. 
The distance between the leading or initial edges of the 
two images printed from the two different carriages is 
specified or shown in Figure 1 to be a predetermined 
distance 118. In practice, where paper or media waste 
is to minimized, one dimension of an image to be printed 
by the first carriage 1 08 would be less than or equal to 
an integral multiple of the distance X separating the two 
carriages 108 and 110, (P< x /n) where n is an integer. 
[0012] Figure 2 shows the printer mechanism of Fig- 
ure 1 after a series of images, 114, 116, 118 and 120 
were printed substantially simultaneously, on the same 
side of the print media 1 1 2 by the print heads of the two 
carriages 108 and 110 which are spaced apart from 
each other by a distance "X" as shown in Figure 1 . In 
Figure 2, the motor or drive mechanism 1 06 has already 
caused one or both of the rollers or platens 1 02 and 1 04 
to rotate, causing the print media 1 1 2 to traverse a first 
distance a 2P", where P is the length of a single image, 
during which traversal a series of four different images 



is printed by the print heads of the two different carriag- 
es. In the first distance "P" two images 1 1 4 and 1 1 6 were 
printed on the same side of the media 1 1 2. In the second 
distance X-P, two other images 118 and 120 can be 
5 printed, if the distance "2P" is less than or at least equal 
to the spacing X between the two carriages 1 08 and 1 1 0 
(2P<X). 

[0013] It is also possible to print images larger than X 
when (P>X) with the system, albeit with speed loss. If 
for instance the carriage spacing X is six inches (15.2 
cm) but the image or images to be printed are larger, 
say eight inches (20.3 cm) in length, two inches (5 cm) 
of a first image 1 1 4 is printed by carriage 1 1 0 before the 
other carriage starts printing. As printing progresses and 
media is moved along under carriage 1 1 0, the other car- 
riage 1 08 will start printing a second eight-inch (20.3 cm) 
image after the media had moved at least two inches (5 
cm) of the first image being printed by carriage 110. 
When the first image 114 is finished, the second image 
continues printing under the other carriage 108 for its 
final two inches (5 cm). 

[0014] With respect to Figure 2, a first image 1 1 4 print- 
ed from the print carriage 110 is directly adjacent to a 
second print image 118 that was also printed from the 
first carriage 110. The length or dimension of the two 
images 1 1 4 and 1 1 8 is preferably identical to or less than 
the distance 118 separating the two carriages 108 and 
110 (P< x /n). As shown, the space between these two 
carriages provides sufficient space in which two other 
images 116 and 120 were printed by the second print 
carriage 108 while the first carriage 110 printed images 
1 1 4 and 1 1 8. If P= x /n, there is essentially no waste me- 
dia created once all four images are complete. The me- 
dia can be indexed forward the X distance, and both car- 
riages can begin the printing process again. If P * x /n, 
there is some waste media (X - nP), which is smaller 
than P and which is not printed upon. When the media 
is indexed forward to begin printing, this portion of the 
media is waste. Stated alternatively, using two print car- 
riages, reduces by a factor of 2, the amount of time re- 
quired to print any even number of images on a single 
media. 

[0015] Figure 3 shows a simplified prospective view 
of a two-carriage printer mechanism. In Figure 3 it can 
be seen that the two print carriages 1 08 and 110 travel 
along line segments between end points of these line 
segments. The first print carriage 1 08 travels along a 
chord C1 having end points E1 and E2. Similarly the 
second print carriage 1 1 0 travels along a different chord 
C2 having end points E3 and E4 respectively. The dis- 
tance separating these two chords is shown in Figure 3 
to be, for example, the distance M X." 
[0016] In the course of printing images, the print 
heads 108 and 110 will traverse the print media 112 
along the parallel chords C1 and C2, both of which are 
shown in Figure 3 as having an equal length, "L. n 
[0017] Printing an image requires that the carriages 
108 and 110 perpendicularly traverse the print media 
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112 as it is moved along underneath the print carriages 
by the rollers or platens not shown in Figure 3. 
[0018] In the preferred embodiment, the printer heads 
108 and 110 are co-planar, i.e. lie in a same plane such 
that the media 112 is substantially planer as the print 5 
carriages are painting the successive lines of the imag- 
es beneath them. Alternate embodiments would of 
course include having the printer carriages 108 and 110 
non-co-planer printing the successive images on differ- 
ent areas of the print media 112 as it rests on one or 
more roller or platen mechanisms. 
[0019] The embodiments shown in Figures 1 , 2, and 
3 all depict fixed-position printer carriages (over which 
the printer cartridges move). A limitation of such an em- 
bodiment is that the spacing between the printer carriag- 
es being fixed, limits the image size that can be printed 
efficiently between the two carriages 108 and 110. 
[0020] By varying the distance between the two print- 
er carriages 108 and 110, it is possible that the image 
sizes being printed by their respective carriages be 
made variable while minimizing waste. In other words, 
it might be possible to have the cartridges on one printer 
carriage 110 print a 4"x6" image while printer cartridges 
on a second carriage 108 prints an 8"x10" image if the 
spacing between the printer heads or printer carriages 
is adjusted to allow an 8" separation between the printer 
carriages. 

[0021] Figure 4 shows the printer carriages 108 and 
110 mounted or coupled to screw-drive rotating thread- 
ed shaft, not unlike those routinely found in floppy and 
hard disk drives as well as CD-ROM drives by which 
precision positioning of the printer carriage heads 108 
and 110 can be accomplished by rotating the threaded 
shafts 402 and 404 some predetermined number of rev- 
olutions under the control of a suitable drive mechanism 
406 and 408. As the shafts 402 and 404 are rotated, 
matching threaded couplers are fixed to the printer car- 
riages 1 08 and 1 1 0 will cause the printer carriages, and 
any associated mounting shafts 410 and 412 to cause 
the distance between the printer carriages 1 08 and 1 1 0 
to increase or decrease, depending upon the direction 
of the threaded shaft rotation and the number of turns. 
In the embodiment, the separation distance X is not a 
constant value. 

[0022] By having a variable spacing between the 
printer carriages, it is possible to print variable size im- 
ages between the printer carriages depending upon the 
spacing between them. A media cutter, such as that of- 
fered by Lucht Engineering, Inc. of Bloomington MN as 
an "automatic package cutter" and integrated into the 
media flow, can be employed to separate the images 
into properly sized sheets. 

[0023] Yet another embodiment is shown in Figure 5 
wherein a series of moveable platens or rollers 502, 504 
and 506 comprise an accumulator by which additional 
paper or print media 1 1 2 can be rolled between the two 
printer cartridges 108 and 110 as printing operations 
proceed. As shown in Figure 5, depending upon the 



spacing between the platens 502, 504 and 506, the 
amount of paper stored between the two carriages 1 08 
and 1 1 0 can be varied in order to change the size of the 
image that can be printed between the two carriages. 
[0024] In Figure 6, there is shown the three platens 
502, 504 and 506 in positions that minimize the accu- 
mulation of print media between the carriages 1 08 and 
110. In this figure, four images 610, 612, 614 and 616 
were printed from the two printer carriages 1 08 and 1 1 0 
each image of which has a fixed width designated by 
reference character "P." Thus P= x /2, where n=2. 
[0025] By varying the distance between the rollers or 
platens 502, 504 and 506 it is possible to change the 
maximum image height or width printed by the print car- 
riage 1 08 with respect to 1 1 0. 

[0026] A preferred embodiment control system for the 
high speed web printer 100 is shown in the block dia- 
gram of Figure 7. A print job description, for example, a 
description defining image data as 24-bit RGB, specify- 
ing the number of copies, image sizing information, and 
quality and medium settings, is input to the page format- 
ter 701 . The page formatter determines the page sizes 
and partitions the print job for two print zones. A halfton- 
ing processor 703 accepts the two print zone input and 
alternately halftones image bands for the print zones de- 
fined for carriages 1 and 2. A swath manager 705 ap- 
plies the appropriate print mode and formats halftoned 
image bands into print swaths. The two zone output from 
the swath manager 705 and page size information from 
the page formatter 701 is applied to a mechanism con- 
troller 707 so that the print accumulator can be set, the 
platen driving motors are properly energized, and swath 
data is coupled to the printheads of carriage 1 and car- 
riage 2, and the medium cutting mechanism is activated 
at the end of the image printing cycle. 
[0027] While two printer carnages are shown in the 
figures above, those skilled in the art will recognize that 
three or more printer carriages might be used to print 
images simultaneously on the same print media. By in- 
creasing the number of print carriages that operate on 
a section of print media, the number of images being 
printed at any given time can be increased proportion- 
ately. By individually controlling the operation of the 
printer carriages, it is possible to print high quality color 
images using thermal ink jet or even piezoelectric tech- 
nology to print multiple images at substantially the same 
time increasing significantly the throughput of a thermal 
ink jet printer. When used in commercial printing sys- 
tems for example, dual printer carriages could signifi- 
cantly increase the output required in high volume print 
processing systems. 



Claims 

55 

1. A printer comprising: 

a mechanism (102, 104, 106) delivering a sub- 
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stantially continuous print media on (1 1 2) which 
a plurality of images (114, 116) can be printed 
onto said media (112); 

a first printer carriage (1 08) capable of printing 
a first image on a first area (116) of said print 
media (112); 

a second printer carriage (110), capable of 
printing a second image (1 1 4) on a second area 
of said print media while said first printer car- 
riage (1 08) prints at least a portion of said first 
image (116). 

2. The printer of claim 1 wherein at least one of said 
first and second printer carriages (108, 110) carry 
thermal ink jet printer cartridges. 

3. The printer of claim 1 wherein at least one ink jet 
printer cartridge comprises a print head. 

4. The printer of claim 1 wherein said first printer car- 
riage (108) travels along a chord C-1 having a 
length L, and having first and second end points E1 
and E2, said chord C-1 lying in a plane P and where- 
in said second printer carriage travels along a sec- 
ond chord C-2 having a length substantially equal 
to L, and having first and second end points E3 and 
E4, C-2 lying substantially in plane P and being sub- 
stantially parallel to C-1 but displaced from C-1 by 
a distance X, X being measured orthogonal to C-1 
and C-2. 

5. The printer of claim 1 wherein said first and second 
printer carriages (1 08, 110) are displaced from each 
other by a variable distance X. 

6. The printer of claim I wherein said first and second 
printer carriages (1 08, 110) are displaced from each 
other by a fixed distance X. 



11. The printer of claim 1 further including a third printer 
carriage, said third carriage being displaced from 
said first and second printer carriages and for print- 
ing at least a portion of a third image while at least 

s one of said first and second printer carriages prints 
at least a portion of either a first or second image. 

12. The printer of claim 1 further including at least one 
controilerforsaid first and second printer carriages, 

10 said at least one controller independently control- 
ling the printing of first and second images from said 
first and second carriages. 

13. The printer of claim 2 wherein said at least one ink 
15 jet printer cartridge stores at least two different- 
colored inks. 

14. The printer of claim 1 wherein said mechanism is 
comprised of at least one platen (102. 104) over 

20 which said media (112) is carried. 

15. The printer of claim 1 further including a media cut- 
ter, said cutter being located at an output from said 
printer and severing from said media, images print- 

25 ed by said first and second printer carriages. 

16. A method of simultaneously printing images onto a 
print media comprising the steps of: 



30 



35 



printing a first image on a first side of said print 
media at a first location using a first printer car- 
tridge; 

while said first image is printed, printing a sec- 
ond image on said first side of said print media 
at a second location using a second printer car- 
tridge. 



7. The printer of claim 1 wherein said first and second 40 
printer carriages (108, 110) are moveable with re- 
spect to each other. 

8. The printer of claim 1 further including an accumu- 
lator mechanism (502, 504, 506) between said first 45 
and second printer carriages (1 08, 1 1 0) over which 
print media (112) is rolled. 

9. The printer of claim 8 wherein said accumulator 
(502, 504, 506) is comprised of a plurality of roller 50 
mechanisms (502, 504, 506) for accumulating a 
quantity of media. 

10. The printer of claim 8 wherein said accumulator 
(502, 504, 506) is comprised of a plurality of move- 55 
able roller mechanism (504) for accumulating a var- 
iable amount of media between said first and sec- 
ond printer carriages (108, 110). 
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